
ABSTRACT
Background: Patellofemoral pain syndrome (PFPS) is a prevalent knee disorder. A novel yet increasingly popular treat-
ment for PFPS is trigger point dry needling (DN).

Purpose: The purpose of this study was to determine if DN is more effective at reducing pain and disability than a sham 
treatment in individuals with PFPS.

Study design: Randomized trial.

Materials/Methods: Sixty military health care beneficiaries (36 males) with a clinical diagnosis of PFPS were recruited and 
completed the study. Subjects underwent a standardized clinical examination and were randomized into a DN or sham treat-
ment group. DN treatment consisted of insertion of an acupuncture-like needle into six sites in the quadriceps femoris 
muscles of the symptomatic lower extremity based on a palpation examination. The sham grouped received a simulated 
treatment with a sharp object and needle guide tube without puncturing the skin. Self-reports of pain, disability, and overall 
status were collected before treatment, immediately after treatment and at 72 hours. Data were analyzed with separate 2x2 
repeated measures analysis of variance, with independent variables being Group (DN vs. sham) and Time (pre-treatment 
vs. immediately post-treatment, and pre-treatment vs. 72 hours). The hypothesis of interest in each case was the Group*Time 
interaction. The alpha-level was set a priori to .05 using 2-tailed tests.

Results: Both groups exhibited a clinically meaningful reduction in pain based on numeric pain rating scale scores immedi-
ately post-treatment and at 72 hours, but there was no statistically significant difference between groups (p=0.219, 0.310). 
There was no significant difference between groups for any other outcome measures. 

Conclusion: These data suggest that DN treatment is not more effective than a sham DN treatment at reducing short-term 
pain and disability in individuals with PFPS when used as an isolated treatment approach.

Level of Evidence: 2
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INTRODUCTION
Patellofemoral pain syndrome (PFPS) is a prevalent 
knee disorder seen among young, active individuals 
and in general practice,1 orthopedic,2 sports3,4 and 
military clinics.5,6 Dye7 described PFPS as a clini-
cal enigma, and one of the most challenging knee 
pathologies to manage. The problematic nature of 
PFPS is highlighted by the fact that 70% to 90% of 
individuals with the condition have recurrent or 
chronic symptoms.3,8 Despite the prevalence of the 
disorder, the etiology of PFPS is poorly understood. A 
number of abnormal biomechanical and neuromus-
cular factors may contribute to increased stresses 
on the patellofemoral joint which in turn can ulti-
mately lead to pain and dysfunction.9-12 Because the 
etiology may be multifactorial in nature, and due to 
the variations in the clinical presentation of patients 
with PFPS, numerous non-operative interventions 
have been proposed for treatment of the disorder. 

Dry needling (DN) is a therapeutic intervention that 
has been growing in both popularity and supportive 
research evidence.13-16 DN involves the insertion of 
small solid filament needles directly into myofascial 
trigger points in an attempt to reduce muscle ten-
sion, restore normal muscle function, and relieve 
pain.17-19 Myofascial trigger points are locally tender 
and palpable bands of muscle tissue that can cause 
pain and muscle dysfunction.20,21 Patients with PFPS 
often present with weakness and poor motor control 
of the quadriceps muscles.11,22-25 Restoration of quad-
riceps muscle strength and function is predictive 
of a successful rehabilitation outcome for patients 
with PFPS.26,27 Travell and Simons described trig-
ger points in three of the four quadriceps femoris 
muscles which, when palpated, could generate the 
peripatellar and anterior knee pain that is charac-
teristic of PFPS.21 They proposed that treatment of 
myofascial trigger points may be an effective way to 
diminish the pain associated with PFPS and to help 
restore quadriceps muscle function.21 To date, the 
effects of DN on patients with PFPS have not been 
investigated. Two previous studies described the use 
of acupuncture for the management of anterior knee 
pain,28,29 however the treatment techniques used in 
those studies and the proposed mechanisms for tra-
ditional acupuncture are substantially different than 
those associated with DN. 

While recent investigations have shown that DN can 
be an effective treatment for patients with a variety 
of musculoskeletal dysfunctions,14,15,30,31 no study to 
date has investigated the use of the treatment tech-
nique in patients with PFPS. The current level of 
evidence regarding the use of DN for the manage-
ment of PFPS is limited to that of expert opinion.21 
Research is needed in the form of a randomized con-
trolled trial to determine whether DN is an effective 
intervention for individuals with PFPS. Therefore, 
the purpose of this study was to determine if DN is 
more effective at reducing pain and disability than 
a sham treatment in individuals with PFPS. The 
authors hypothesized that the DN group would expe-
rience a significantly greater reduction in pain and 
disability than the sham group.

METHODS
Sixty participants were recruited from the mili-
tary health care beneficiary population at Fort Sam 
Houston in San Antonio, Texas. All volunteers pro-
vided informed consent for participation in the 
study, which was approved by the Institutional 
Review Board at Brooke Army Medical Center. Par-
ticipants were required to be 18-40 years of age and 
have a clinical diagnosis of PFPS. Participants were 
determined to have PFPS if they had a complaint 
of retropatellar or anterior knee pain that was pro-
voked by two or more of the following activities: 
squatting, stair ascent, stair descent, prolonged sit-
ting, kneeling or isometric quadriceps contraction.9 
Individuals were excluded if they had a history of 
prior knee surgery, any competing knee pathology 
(meniscal tears, patellar tendinopathy, ligamentous 
sprains, osteoarthritis, etc.), any systemic disease 
and/or connective tissue disorders, or signs of lum-
bosacral nerve root compression. Individual were 
also excluded those who had received acupuncture, 
injection, or DN treatment for the knee or quadri-
ceps femoris muscles within the prior six months, 
individuals who were currently taking anticoagulant 
medications or had a medical history of a bleeding 
disorder, and pregnant females.

Volunteers initially received a screening examina-
tion consisting of a medical history questionnaire 
and a standard physical examination to confirm 
a clinical diagnosis of PFPS and to rule out any 
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competing knee pathologies. All screening exami-
nations were performed by licensed physical thera-
pists, who were board certified as a sports clinical 
specialist (JHM) or orthopedic clinical specialist 
(TGS). The screening examination consisted of pal-
pation, special tests to rule out competing patholo-
gies such as meniscal tears, patellar tendinopathy, 
and ligamentous injuries. Altman’s criteria32 were 
used to screen for individuals with possible knee 
osteoarthritis. Additionally, a comprehensive neu-
rological screening examination was performed to 
rule the possibility of lumbosacral nerve root or 
peripheral nerve involvement. Individuals who met 
the inclusion and exclusion criteria then underwent 
a standardized history and physical examination, 
which included selected testing of lower extrem-
ity muscle strength, muscle length, and range of 
motion. Isometric strength of the knee extensors 
and flexors, and hip abductors, flexors, internal rota-
tors and external rotators was assessed with a hand-
held dynamometer. Knee and hip range of motion 
(ROM) measures were performed using a standard 
goniometer. To assess muscle length, examiners 
conducted the Thomas, Ober’s and hamstring 90-90 
tests.33 A bubble goniometer was used to measure 
the angle of hip and knee flexion during the Thomas 
test, hip abduction during the Ober’s test, and knee 
flexion during the hamstring 90-90 test. The Q-angle 
was assessed in the standing position as previously 
described by Iverson and colleagues.34 Evaluation 
of a possible leg length discrepancy was performed 
using a Palpation Meter.35

Participants completed two self-report ques-
tionnaires, the Kujala Anterior Knee Pain Scale 
(AKPS)36,37 and the Lower Extremity Functional Scale 
(LEFS),38,39 as well as a body chart to provide a thor-
ough description of the location and nature of their 
symptoms. Demographic information was collected 
to include age, gender, height, and weight. Partici-
pants also rated their pain level during performance 
of three functional activities (stepping up a 20-cm 
step, stepping down from the same step, and squat-
ting)34,40 on an 11-point numeric pain rating scale 
(NPRS).41-43 During the squat test, participants were 
instructed to maintain their trunk in an upright posi-
tion and to look straight ahead, while keeping their 
heels on the floor. As they performed the squat, the 

angle of knee flexion at which the participants first 
experienced their pain was measured with a goni-
ometer and recorded. Documenting the angle of 
knee flexion at onset of pain allowed the examiners 
to ask the subject to assess the pain experienced at 
the same angle with subsequent squats immediately 
following the intervention and at a 72-hour follow-
up appointment. Examiners were blinded to treat-
ment group allocation.

Prior to enrollment, an investigator not involved 
with data collection or treatment used a random-
number generator to create a randomization list and 
prepared individual, sequentially numbered index 
cards that indicated group assignment. The cards 
were then folded and placed in sealed envelopes. 
Participants were randomly assigned to one of two 
treatment groups: dry needling (DN) or sham (SH) 
needling group. All treatments were performed by 
an experienced physical therapist (SK) who was 
trained in dry needling and blinded to the baseline 
assessment outcomes. After the baseline examina-
tion, the treating investigator opened the envelope 
which indicated the treatment group assignment. 
Participants in both groups made a total of two visits 
to the clinic; once for the baseline examination and 
intervention and then again at a 72-hour follow-up 
appointment.

Individuals in the DN group received a single ses-
sion of dry needling therapy using a standardized 
protocol. Participants lay in the supine position 
with a vertical drape positioned at the level of 
their waist so that they were blinded to the treat-
ment they received. The needling procedure started 
with systematic manual palpation of three superfi-
cial quadriceps femoris muscles (vastus medialis, 
rectus femoris, vastus lateralis) ipsilateral to the 
symptomatic knee. This was performed to deter-
mine the presence or absence of perceived trigger 
points, operationally defined as palpable and pain-
ful nodules in the muscle tissue and considered 
present when active or latent,17 and to guide needle 
placement. Two trigger points were identified for 
treatment in each of the three targeted quadriceps 
femoris muscles, for a total of six needle insertions 
per thigh. Upon the rare occasion that two trigger 
points were not identifiable in a specific muscle, 
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DN was provided to the most painful location as 
determined by palpation. The needling technique 
included the insertion or a sterile, disposable 0.25 
x 40 mm stainless steel acupuncture needle (Seirin 
Corporation, Shizuoka, Japan) into three of four the 
quadriceps femoris muscles (vastus medialis, rectus 
femoris, vastus lateralis) (Figure 1). The “clean tech-
nique” was used throughout the treatment proce-
dure, which included hand washing, use of latex-free 
examination gloves, and skin-surface preparation 
with an alcohol wipe.44 Needle insertions lasted 
approximately 5-10 seconds using “sparrow pecking” 
(in-and-out motion) and “coning” (small redirections 
of needle angle) techniques in an attempt to elicit as 
many local twitch responses as possible.

The SH group received a simulated needling inter-
vention that was developed and validated by Sher-
man and colleagues.45 The procedures performed for 
the SH group were identical to those described for 
the DN group, with the exception that a small, sharp 
object in a needle guide tube was used in place of 
the acupuncture needle. Firm pressure was applied 
to the skin of subjects in the SH group to simulate 
the sensation of an acupuncture needle, but the skin 
was never punctured. The same sparrow pecking 
and coning techniques and treatment durations used 
in the DN group were simulated in the SH group. 

Immediately following the treatment session, partic-
ipants repeated each of the functional tests (step-up, 
step-down, squat) and rated the pain experienced 
during each activity on the NPRS. All participants 
were instructed in a basic home exercise program of 
isometric quadriceps femoris contractions and quad-
riceps stretching exercises to be performed daily 
until they returned for the follow-up appointment. 
Participants returned to the clinic 72 hours following 
the initial session and completed a second AKPS and 
LEFS, as well as a Global Rating of Change (GROC) 
questionnaire.46,47 The functional activities and pain 
assessments were also repeated, as well as selected 
muscle strength, length and ROM measures. Dur-
ing the follow up session, participants were asked 
which treatment they believe they received. Follow-
ing their response, the investigators revealed to each 
participant which treatment was actually received. 

STATISTICAL ANALYSIS
A priori power analysis was performed using 
G*Power 3.48 Estimated sample size was based on 
having at least 80% power to detect a minimal clini-
cally important difference (MCID) in the LEFS of 8 
points38,39 between groups, assuming a standard devi-
ation of 10 points, alpha of 0.05 and 10% attrition at 
follow up. Enrolling 60 subjects (30 per group) was 
planned to additionally give adequate power for 
analysis of secondary outcomes and adequate preci-
sion to correlational estimates.

Statistical analyses were performed using IBM SPSS 
Version 21 software (Chicago, IL). Descriptive sta-
tistics were performed on demographic and clini-
cal history char acteristics of the sample.  Treatment 
effects were estimated using separate, random 
intercept and slope linear mixed models for each 
repeated measure outcome variable. Time, treat-
ment group, and time by treatment group interac-
tion were modeled as fixed effects. Age, sex, and 
length of symptoms were evaluated for additional 
fixed effect covariates based on their potential to 
affect prognosis. For each model, the covariance 
structure (autoregressive, unstructured, scaled iden-
tity) was used based on best model fit and ability 
of the model to reach convergence. Consistent with 
the intention to treat principle, missing data points 
were estimated in the mixed model analyses using 

Figure 1. Dry needling technique.  Participants were supine 
with a dark drape positioned at their waist to blind them from 
the treatment.
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restricted maximum likelihood ratio estimation with 
100 iterations; therefore all participants randomized 
to a treatment group were included in the analyses 
of outcome for that group. Alpha level was 0.05 for 
all analyses.

RESULTS
Three of the 60 enrolled participants were unable to 
attend their 72-hour follow-up appointments, but they 
were able to complete the self-report instruments 
either telephonically or via email. One participant 
was excluded from data analysis due to inconsistent 
responses on his self-report outcome measures. There-
fore, data from 59 participants were available and 
included in the final analysis (FIGURE 2). Of those 
59 individuals, 30 were randomized to the DN group 
and 29 to the SH group. Baseline demographic and 
self-reported variables for all participants are shown in 
Table 1. 

 Primary results of the between-group comparisons 
are depicted in Table 2. Overall, both groups exhib-
ited a clinically meaningful reduction in pain with 
the functional activities (step-up, step-down, squat) 
immediately post-treatment and at 72 hours, based 
on a 30% reduction42 in the NPRS scores. But the 
differences between the groups on the NPRS scores 
immediately following treatment and at 72 hours 
were not significant (p=0.22, 0.31). There were 
no significant or clinically meaningful differences 
between the groups or over time within each group 
based on the LEFS, Kujala or GROC scores. The min-
imal clinically important difference for the LEFS has 
been reported to be 8 to 9 points,38,39 10 to 13 points 
for the Kujala scale,37,39 and 3 points for the GROC.46  

Based on analysis using Fisher’s Exact Test, the 
number of participants who correctly versus incor-
rectly guessed the treatment they received was not 
significantly different between groups (p=0.41). 
Seventeen (63%) of the participants in the SH group 
thought they had received the DN treatment, four 
(15%) correctly stated they had received the SH 
treatment, and six (22%) were unsure. Similarly, 
twenty (71%) of the participants in the DN group 
correctly identified the treatment they received, 
two (7%) believed they were in the SH group, and 
four (14%) were unsure. The remaining individuals 
either did not attend their follow-up appointment 

(n=3) or simply failed to respond to the question 
regarding perceived treatment (n=3). 

None of the participants experienced serious adverse 
events or had to discontinue the study due to study-
related procedures. Furthermore, no participants 
reported any minor transient side effects such as 
lightheadedness, nausea, or fatigue after receiving 
the DN or sham treatments. 

DISCUSSION
PFPS remains a complex and significant clinical 
problem. Despite its high prevalence among active 
individuals1-6 and recent innovations in rehabilita-
tion,9-12,26 the etiology of PFPS remains poorly under-
stood. A number of abnormal biomechanical and 
neuromuscular factors may contribute to increased 
patellofemoral joint reaction forces, which in turn 
ultimately lead to pain and dysfunction.9-12,26 Because 
the etiology of PFPS is multifactorial in nature, and 
due to the variations in the clinical presentation of 
patients, numerous treatment strategies have been 
proposed for the condition. Dry needling is a thera-
peutic intervention that has been growing in both 
popularity and supportive research evidence.13-16 DN 
has been investigated extensively in populations 
of individuals with low back pain,13,30,31,49,50 neck 
pain,15,51-54 and shoulder pain,15,16,55-58 while more 
limited research has been published regarding its 
effects on less prevalent musculoskeletal conditions 
such as plantar fascitis,59 Achilles tendinopathy60 
and temporomandibular joint dysfunction.61 No pre-
vious investigation has examined the effects of DN 
on symptoms in subjects with PFPS. Therefore, the 
purpose of the study was to determine if a single ses-
sion of DN to the quadriceps femoris muscles was 
more effective at reducing pain and disability than 
a sham treatment in individuals with PFPS. There 
were no significant differences in outcomes existed 
between the groups at any time following the inter-
vention, suggesting that a single session of DN was 
not more effective than a sham treatment at reduc-
ing short-term pain and disability in individuals with 
PFPS when used as an isolated treatment approach. 

While no significant differences were found between 
groups in any outcome, point estimates of treatment 
effects consistently favored DN over SH. Therefore, 
it is certainly possible that DN is effective for some 
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patients with the condition and not effective for oth-
ers. This would align with many practitioners’ clini-
cal experience as well as other evidence suggesting 
that there are sub-groups of patients with PFPS 
who respond best to specific interventions based 
on the identification of distinct clinical character-
istics.34,40,62-67 Koppenhaver and colleagues recently 
identified several baseline examination factors that 
were associated with clinical improvement after DN 
in subjects with LBP.30 Future studies of individuals 
with PFPS should determine if there are variables 

from the history and physical examination that are 
associated with or predictive of a successful response 
to treatment with DN.

The current study specifically investigated the 
short-term response of individuals with PFPS to a 
single session of DN or a sham treatment. A pos-
sible shortcoming of the study was the fact that 
the participants’ response to the intervention was 
measured only as far out as 72 hours. The follow 
up periods reported in most randomized trials of 

Figure 2. Flow of participant recruitment and exclusion.
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patients with PFPS tend to be on the order of weeks 
or months.28,29,68-71 Although clinically meaningful 
reductions in pain were seen in both groups dur-
ing the study period, the difference between the 
two groups was not significant, and the differences 
in the LEFS, Kujala and GROC scores did not reach 
clinically meaningful levels. In addition to the short 
follow up period, the study participants were seen 
for just a single treatment session. Previous inves-
tigations of DN for the treatment of other prevalent 
musculoskeletal disorders included multiple treat-
ment sessions, with many occurring over a period 
of several weeks.14,53,59,72,73 Therefore, the single treat-
ment session and brief follow-up period that used 
in the current study may not reflect typical clinical 
practice and also made it difficult to draw any strong 
conclusions about the effectiveness of the interven-
tion, particularly given that PFPS is considered to be 
a chronic problem with a high recurrence rate.8,74-76 
Future investigations should consider the use of mul-
tiple treatment sessions to more accurately replicate 
what is done in a clinical setting. The intervention 
was also limited to just DN and the authors recog-
nize that using a single treatment modality may not 
be representative of a typical clinical strategy for the 
management of patients with PFPS. Clinical experts 
report that the strongest research evidence shows 
that multimodal or combined interventions result in 
the most robust and consistent therapeutic effects 
for individuals with anterior knee pain.9,26 Therefore, 

recommendations for future studies in PFPS popula-
tions include the investigation of DN in conjunction 
with other interventions such as quadriceps and glu-
teal strengthening, stretching, patellofemoral joint 
mobilization, and taping.77 

Despite these limitations, the current investigators 
believe that the approach was a reasonable initial 
venture into examining the specific, isolated effects 
of one session of DN as an intervention for persons 
with PFPS. No known published report has exam-
ined the use of dry needling for the treatment of 
PFPS. Two previous investigations28,29 described the 
use of acupuncture as an intervention for anterior 
knee pain, with conflicting results. Jensen and col-
leagues28 treated traditional acupuncture points that 
included the low back, vastus medialis, vastus late-
ralis and peripatellar regions. The authors treated 
their subjects twice a week for 4 weeks and reported 
that acupuncture reduced pain better than a con-
trol at five months post-intervention.28 Naslund et al 
described sensory stimulation of acupuncture sites 
just proximal and distal to the knee in subjects with 
idiopathic anterior knee pain.29 Subjects were ran-
domized into deep (treatment) and minimal super-
ficial (control) groups and treated twice a week for 
a total of 15 treatments. The investigators reported 
a clinically meaningful reduction in pain in all sub-
jects at a six-month follow up, with no significant 
difference between the two groups.29 However, the 

Table 1. Baseline demographic and self-reported variables
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treatment techniques used in those studies and the 
proposed mechanisms for traditional acupuncture 
are substantially different than DN, making it dif-
ficult to draw comparisons with the results of the 
current study. 

The current investigation focused treatment on 
the quadriceps femoris muscles because patients 
with PFPS characteristically present with weakness 
and poor motor control of that muscle group.11,22-

25,78 Restoration of quadriceps muscle strength and 
function are predictive of a successful rehabilita-
tion outcome for patients with PFPS.26,27 Travell and 
Simons described trigger points in three of the four 

quadriceps femoris muscles which, when palpated, 
could generate the peripatellar and anterior knee 
pain that is characteristic of PFPS.21 They proposed 
that treatment of these trigger points may be an 
effective way to diminish the pain associated with 
PFPS and to help restore quadriceps muscle func-
tion.21  Based on their work, the intervention used 
in this study focused on the vastus medialis, rec-
tus femoris, and vastus lateralis muscles. However, 
because addressing proximal impairments has been 
shown in recent studies9,12,26 to be an important com-
ponent in the successful rehabilitation of patients 
with PFPS, future investigations should consider DN 
treatment of hip and trunk muscles that have been 

Table 2. Mean and standard deviation (SD) of each self-report instrument 
over time
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linked to the disorder. Specific target muscles that 
should be considered in future needling studies of 
patients with PFPS are the gluteal, hip lateral rota-
tor,11,26,68,79-83 and trunk muscles.84-86

CONCLUSIONS
The authors believe that this was the first study to 
examine the effects of DN in a population of indi-
viduals with PFPS. Both the DN and SH groups expe-
rienced clinically meaningful reductions in pain 
during the study period. However, the differences 
were not statistically significant, and there were no 
differences between the groups in terms of the LEFS, 
Kujala or GROC scores. There were a number of 
possible shortcomings in the study design, and rec-
ommendations for future randomized trials include 
investigating the effects of DN on patellofemoral 
pain and disability include multiple treatment ses-
sions, alternative needling sites, longer follow up 
periods, and DN treatment in conjunction with other 
interventions such as specific therapeutic exercises, 
manual therapy,  and taping. Additionally, future 
studies should attempt to identify the characteristics 
of individuals with PFPS who respond successfully 
to treatment with DN. Until a clinically relevant sub-
group is established, DN should not be considered as 
an isolated intervention for patients with PFPS.
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